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Introduction
Over the past decade, remarkable progress has been made in HIV care and treatment for people living with HIV (PLHIV). However, children and adolescents have not had proportionate benefits from life-saving antiretroviral therapy (ART). In 2017, global ART coverage for children less than 15 years old was 52%, compared to 59% in adults [1] . This ART coverage gap was especially alarming in the West and Central Africa Region (WCAR), where only 26% of children younger than 15 years of age [1] and 36% of adolescents (10-19 years) eligible for ART were receiving treatment [2] . West and Central Africa is lagging behind other regions in Sub-Saharan Africa and the world in reaching children and adolescents with HIV treatment [2] . In 2017 for example, the ART coverage in children less than 15 years was at least twice higher in Eastern and Southern Africa compared to Western and Central Africa (59% vs 26%) [1] .
Cameroon is a WCAR country with an estimated relatively low HIV prevalence of 3.7% and 470 000 PLHIV, including 40 000 children and 31 000 adolescents [1] . The gap in pediatric HIV treatment is even wider in this country, with only 25% of eligible children below 15 years on ART compared to 51% of adults [1] .
Though multiple factors account for current gaps in pediatric and adolescent ART coverage, poorly-implemented and/or ineffective case-finding strategies are major barriers to ART roll-out in this population [3, 4, 5] . To address these gaps, the World Health Organization (WHO) recommends provider-initiated-testing and counseling (PITC) with two implementation modalities: the universal or routine testing approach [6, 7, 8, 9] and the index case-testing or targeted testing approach [7, 8, 9] . While the universal testing approach recommends HIV testing for all clients visiting a health facility for any reason, the index case testing model promotes HIV testing among biological children of known HIV-positive parents in care. For the purpose of this study, the universal testing approach is referred to as "blanket provider-initiated-testing and counselling" (bPITC) and the index case-testing approach is described as "target provider-initiated-testing and counselling" (tPITC) [10] .
The WHO recommends that in the context of a generalized HIV epidemic, both bPITC and tPITC should be implemented to enhance HIV case-finding and prompt treatment among infants, children and adolescents [6, 7, 8, 9] . Despite this recommendation, the uptake of both strategies remains sub-optimal in most sub-Saharan African countries, including Cameroon where the standard HIV testing practice is the symptom-based HIV testing (DHT) approach. This gap results from inconsistent and fragmented implementation of bPITC and tPITC strategies attributed to many factors, including fear of stigma among parents/caregivers, lack of staff training, lack of HIV testing kits, poor commitment from facility leadership, and missed parental consent to test children [11, 12] . These factors are multifaceted barriers operating at the patient, provider, community and national policy levels [13] .
Previous studies have reported on outcome of singular bPITC [14, 15, 16] or tPITC [17, 18] approaches among children and adolescents. There is little published information on the effectiveness of concurrent implementation of both strategies as per WHO recommendations, and this paucity of data is likely contributing to poor implementation. Likewise, there is a dearth of literature on the comparative effectiveness of DHT vs bPITC, or DHT vs tPITC. This study aimed to bridge this knowledge gap and provide data to stakeholders to intensify evidencebased HIV case-finding for children and adolescents.
Materials and methods

Study design
This was a quasi-experimental pre-and post-intervention study comparing the effectiveness of concurrent implementation of bPITC and tPITC with the symptom-based diagnostic HIV testing (DHT) in terms of HIV testing uptake, case detection and ART initiation at three healthcare facilities in Cameroon. Prior to study implementation (pre-intervention period), tPITC was not implemented at the ART clinics of the study hospitals and DHT was the prevailing HIV testing clinical practice implemented at the outpatient departments (OPDs) of these hospitals. In the post-intervention (post-intervention period), tPITC and bPITC were introduced and concurrently implemented in these health facilities (tPITC at the ART clinics and bPITC at the OPDs).
Study period. The study was implemented for a period of 6 months from July through December 2015 at Limbe Regional Hospital (LRH) and from June through November 2016 for Ndop and Abong-Mbang District Hospitals. These periods constituted the post-intervention period of the study. The pre-intervention period corresponded to 6 months prior to study initiation at each facility. Hence, the pre-intervention period was from January through June 2015 for Limbe and from December 2015 through May 2016 for the other two sites.
Study population. For both the pre and post-intervention periods, eligible participants were children and adolescents aged 6 weeks-19 years with unknown HIV status. In the preintervention period, the study population were children/adolescents presenting at the outpatient department (OPD) at the three hospitals with clinical manifestations of HIV/AIDS. In the post-intervention period, the study population comprised two sub-groups of children/adolescents: 1) biological children/adolescents of HIV-positive parents enrolled in HIV care at ART clinics of the study hospitals and 2) all children/adolescents who were seen for any medical reason at the OPDs of those hospitals.
Cameroon [10] . This larger study was implemented at three government-owned health facilities previously mentioned. Located in three different regions, they were purposefully selected to ensure inclusion of population of urban (Limbe), semi-urban and rural areas (Ndop: NorthWest and Abong-Mbang: East). All study facilities provide comprehensive health care services including HIV prevention, diagnosis, care and treatment for adults, children/adolescents and pregnant women. In addition to supports from the government of Cameroon, all HIV services were funded by the Global Fund to Fight HIV/AIDS, TB and Malaria (Global Fund) at all study facilities, and by the US President's Emergency Plan for AIDS Relief (PEPFAR) at the Limbe and Ndop hospitals.
Before this study, there was no systematic HIV testing for children through their parents (routine index-case testing or tPITC) in care in the three hospitals and no data on this strategy were available at these sites. Likewise, children/adolescents visiting the outpatient departments (OPDs) for consultations were not systematically offer HIV testing. Thus, before the study, there was no implementation of tPITC at the ART clinics nor bPITC at OPDs of the three health facilities. Instead, outpatient HIV testing for children/adolescents at the OPDs was essentially symptom-based and for diagnosis-of-illness purposes. Care providers offered HIV testing to children/adolescents presenting with signs and symptoms suggestive of HIV infection. Thus, the prevailing standard clinical practice for HIV testing during the pre-intervention period was limited only to the diagnostic HIV testing (DHT) [9] .
Intervention
Training and supports. Prior to implementation and data collection, the study provided the following inputs to the study sites: staff training on tPITC and bPITC implementation, provision of HIV testing kits (to eliminate stock-outs during the study), standardized data collection and monitoring tools (registers and forms for HIV testing/results, linkage/ART enrolment), and additional human resources to support study implementation [10] . Specifically, three dedicated staff (two data collectors and 1 data manager) were recruited for each study site. One of these three staff was posted at the ART clinic to ensure that all eligible parents in HIV care were counselled and enrolled in the study, and that their children were tested for HIV and that those positive were linked to care (tPITC). The second staff was posted at the OPD to ensure that all children coming for consultation were approached (via their parent/ guardian) for recruitment in the study, tested for HIV (regardless of the reasons of consultation), and that positive cases were enrolled in care (bPITC). The third staff was responsible for the overall coordination of site activities, ensuring compliance with the study protocol and data quality. Finally, community health workers (hospital staff) were re-mobilized to ensure counselling, follow up, reminder calls and community/home-based testing for children/adolescents when applicable.
tPITC and bPITC implementation. We implemented tPITC at ART clinics by counseling HIV-positive parents in care to have their biological children of unknown HIV status tested for HIV. At the ART clinics, current patients visiting the clinic for drug refills or new patients referred for enrollment in HIV care were approached and counselled by a trained counsellor for enrolment in the study. Consenting eligible parents were invited to enroll their biological children in the study for HIV testing, either in the hospital or at home/community. At the OPDs (bPITC site), all parents/guardians accompanying child(ren) for consultation were also approached and counselled by a trained counsellor for enrolment in the study. Consenting eligible parents were invited to enroll child(ren) in the study for HIV testing. At both ART clinics and OPDs, children/adolescents of consenting parents were study-enrolled, tested for HIV and positive cases initiated on ART as described below.
HIV testing, linkage and ART enrolment. For children below 18 months of age, blood specimen was collected using dried blot spot (DBS) kits and shipped to the reference laboratories for HIV testing by PCR techniques. The reference laboratories were the Cameroon Baptist Convention Reference Laboratory in Mutengue (South West Region) for samples from the Limbe Regional Hospital, the Chantal Biya Foundation Reference Laboratory in Yaoundé (Centre Region) for samples from Abong-Mbang District Hospital and the Bamenda Regional Hospital Reference Laboratory (North West) for samples from Ndop District Hospital. For children 18 months and older, they were tested either in the hospital or in the community at the convenience of the parents. In any either case, HIV testing was done using two rapid tests (RT) for HIV antibody namely Alere Determine HIV-1/2 (Paul Hartman, AG Germany) for RT1 and Oraquick (Alere Medical Co Ltd, Japan) for RT2. The HIV antibody rapid tests were conducted following the national HIV testing algorithm as described in the Cameroon's national guideline on HIV prevention and management [19] : for children/adolescents tested at facility level, both RT1 and RT2 were done by laboratory technicians in the hospitals' laboratories. For children/adolescents tested in the community, only RT1 was done by trained community health workers. Children/adolescents tested HIV-positive in RT1 were referred to the hospital for confirmation using RT2. The WHO test and treat policy [20] was not established at site level at study initiation, however implementation was scaled up over time. Thus, in some cases, children/adolescents testing HIV-positive were assessed for ART eligibility using the WHO clinical staging and/or baseline laboratory analysis including CD4 count [19] . Eligible children were initiated on ART following Cameroon's national guideline on HIV prevention and management [19] , which were adapted from WHO's 2013 HIV prevention and management guidelines [8] . In other cases, children testing HIV-positive were promptly enrolled on ART following WHO's test and treat policy [20] .
Data collection
Pre-intervention period (DHT). We had no contact with participants for this retrospective phase of the study. Rather, we collected retrospectively routine data on DHT implementation from OPDs, laboratory and ART clinic standardized registers. Trained data clerks used a structured form (see S1 Text) to extract from these registers the numbers of children per month: seen at OPDs, tested for HIV, tested HIV positive and initiated on ART.
Post-intervention period (tPITC+bPITC). Data on tPITC and bPITC implementation and respective outcomes were collected prospectively. For that purpose, trained data clerks used structured forms (see supplementary S1 and S2 Texts) to extract routine data from standardized hospital registers at the OPDs, laboratory and ART clinic. In addition, we used a specific study register at the ART clinic to identify children/adolescents of HIV-positive parents in care. For each strategy, we extracted the number per month of children/adolescents: identified for HIV testing, tested for HIV, tested HIV-positive and enrolled on ART.
Outcome measures and data analysis
The outcome of implementation of each strategy (DHT alone, bPITC alone, tPITC alone, and bPITC + tPITC) was measured using the arithmetic monthly mean of the following variables: 1) number of children/adolescents tested for HIV (HIV testing uptake), 2) number of children/adolescents testing HIV-positive (HIV case detection) and 3) number of HIV-positive children/adolescents enrolled on ART (ART enrollment). Data were entered into a Microsoft Excel sheet and analyzed using STATA 2013 (College Station, TX: StataCorp LP). We calculated the arithmetic means of the aforementioned variables. The number of values for each variable was 6, representing the number of months of implementation of the testing interventions. When applicable, we reported the values of these means as monthly outcomes for the pre-and post-intervention periods. Using Student's t-test at 5% significant level, we compared these means before and after the intervention to assess for differences.
Ethical considerations. For the retrospective study, inform consent from participants was not required as we had no direct contact neither with patients nor with their medical records. More so, we did not collect personal identifiers information for patients, but rather numerical data from hospital registers. For the post-intervention period, participation in the (larger) study was voluntary for both parents and children. Only parents who consented were enrolled and assent was requested from adolescents above 11 years of age. Consent from parents was obtained via signed written consent form. Likewise, assent for adolescents over the age of 11 was obtained through a signed written assent form. The ASPA study received ethical approval from the Cameroon National Ethics Committee (CNERSH), the Ludwig-Maximilians-Universität, Munich (Germany) and the Albert Einstein College of Medicine (NY, U.S.) [10] . In addition, the study received an administrative authorization from the Cameroon Ministry of Public Health.
Results
Outcomes of DHT and bPITC implementation in outpatient departments
A total of 5,891 and 4,643 children/adolescents were seen at the OPDs of the three hospitals during the pre-and post-intervention periods, respectively. The mean monthly number of children/adolescents tested for HIV for the three hospitals combined was 223.0 and 348.3 (p = 0.0073) with DHT and bPITC, respectively. The mean monthly number of HIV-positive children/adolescents identified was 10.5 and 9.6 (p = 0.7574) for DHT and bPITC, respectively. The mean monthly number of HIV-positive children/adolescents enrolled on ART was 7.3 and 6.3 (p = 0.5819) for DHT and bPITC, respectively ( Table 1) .
Outcomes of tPITC implementation at ART clinics
During the post-intervention period, we identified 2,829 children/adolescents eligible for HIV testing through index HIV-positive parents at ART clinics of the 3 hospitals. Of these 2,829 children/adolescents, 1,163 were tested for HIV, 64 found HIV positive and 35 enrolled on ART ( Table 1 ). The main reasons for failure to test all identified children/adolescents were: the lack of transport fare to bring children to the hospital, children not living with parents and the lack of time to bring children to the hospital [10] . In comparing DHT outcomes against tPITC: the mean monthly number of children/adolescents tested for HIV was 223 against 193.8 (p = 0.4648); the mean monthly number of children/adolescents tested HIV+ was 10.5 against 10.6 (p = 0.9544), and the mean monthly number of HIV+ children/adolescents enrolled on ART was 7.3 against 5.8 (p = 0.4672), respectively.
Outcomes of concurrent tPITC and bPITC implementation
During the post-intervention period, a total 7,472 eligible children/adolescents were identified for HIV testing in the 3 hospitals including: 2,829 from ART clinics and 4,643 from OPDs. This represents a 27% increase compared to the 5,891 children/adolescents who consulted at the outpatient departments in the pre-intervention period. The mean monthly number of children/adolescents tested for HIV was 223.0 and 542.2 during the pre-and post-intervention periods, respectively. This difference was statistically significant (p<0.0001) and represented an increase of 143% in HIV testing uptake in the three hospitals combined (Fig 1) .
The mean monthly number of HIV-positive children/adolescents identified was 10.5 and 20.3 during the pre-and post-intervention period, respectively. This difference was statistically significant (p = 0.0256) and represented a 94% increase of HIV case-detection (Fig 2) .
The mean monthly number of HIV-positive children/adolescents enrolled on ART was 7.3 and 12.2 during the pre-and post-intervention periods, respectively (p = 0.0388), and representing a 66% increase in ART enrolment for the three hospitals combined (Fig 3) .
Discussion
Our study provides previously limited data on the effectiveness of single and concurrent implementation of bPITC and tPITC vs. symptom-based diagnostic HIV testing (DHT) in terms of HIV testing, HIV case detection and ART enrolment among children and adolescents. Implementation of bPITC alone resulted in a 1.5-fold increase in HIV testing uptake compared to DHT. However, bPITC did not improve HIV case detection (10.5 vs 9.6, p = 0.7574) nor ART enrolment (7.3 vs 6.3, p = 0.5819). This could be explained by the fact that during the pre-intervention period, most children tested for HIV were symptomatic; thus, there was a high pre-test likelihood of HIV case-detection given the clinical status of children being tested. This finding does not support bPITC implementation as recommended by WHO. It also suggests that bPITC implementation may not be effective in relatively low HIV prevalence settings such as Cameroon and much of the rest of the WCAR. Previous studies [15, 21] have reported bPITC yield among Cameroonian children, but did not compare this yield with that of DHT (prevailing clinical HIV testing practice). Ferrand et al. reported that bPITC had a higher HIV case detection rate compared to the prevailing clinical practice (mostly DHT) in Zimbabwe [14] . However, the 13.3%, estimated HIV prevalence in Symptom-based HIV testing versus targeted and blanket provider-initiated testing in children and adolescents Zimbabwe is over 3 times higher than Cameroon's 3.7% [1] . Thus, our study findings on bPITC are not comparable with available evidence from much-higher prevalence settings. Silvestri et al. and Kayigamba et al. demonstrated that bPITC had comparable case-detection rates with the prevailing clinical practice (mostly DHT) among adults in Zambia [22] (HIV prevalence 11.5%) and Rwanda [23] (HIV prevalence 2.7%), respectively. Though these studies were among adult PLHIV and one in a high-prevalence setting, their results corroborate that of our study and support the need for additional studies to further investigate bPITC effectiveness in comparison with DHT with regards to case detection among children/adolescents in both low and high HIV prevalence settings. The focus of most studies on bPITC implementation outcome among children/adolescents [15, 16, 21, 24, 25, 26, 27 , 28] has been on implementation and yield; there is scarce comparative data on bPITC versus the prevailing clinical practice in the field or an alternative testing approach as we did in this study. There is need to reduce this evidence gap across high pediatric-HIV burden countries to guide policy and inform effective programming. During the post-intervention period, the concurrent implementation of tPITC and bPITC resulted in significant increases in HIV testing uptake (223.0 vs 542.2, p<0.0001), case detection (10.5 vs 20.3, p = 0.0256) and ART enrolment (7.3 vs 12.2, p = 0.0388). However, as indicated above, bPITC implementation had comparable case detection and ART enrolment with DHT. Similarly, tPITC had comparable outcomes to DHT in terms of HIV testing uptake, case detection and ART enrolment. Thus, the significant increase observed in HIV testing uptake, case detection and ART enrolment was attributable to the effect of both bPITC and tPITC. However, considering that bPITC had comparable outcomes to DHT with regards to case detection and ART enrolment, the concurrent implementation of bPITC+tPITC may not be efficient in low HIV prevalence settings. Symptom-based HIV testing versus targeted and blanket provider-initiated testing in children and adolescents It's noteworthy mentioning that in a previous article, we demonstrated the superiority of tPITC over bPITC in terms of case detection timeliness among children and adolescents [10] . Similarly, we expect tPITC to have an advantage over DHT in terms of earlier HIV case detection in these sub-populations. Also, it's important to note the inadequate ART enrolment rate of 54.6% (35/64) with the implementation of tPITC. This figure represents average ART enrolment for all 3 ART clinics. Specifically, ART enrolment was 20% (1/5) at Limbe Regional Hospital, 59.3% (16/27) at Ndop District Hospital and 72.2% (13/18) at Abong-Mbang District Hospital. The higher enrolment rates at Ndop and Abong-Mbang District Hospitals was likely due to the progressive implementation of the WHO "test and treat" policy in these two hospitals during the intervention period. The study ended in Limbe in December 2015 when this policy was not yet effective in Cameroon. We started the study in Abong-Mbang and Ndop in June 2016 and ended in December 2016. The better ART linkage rates could be the results of the longer exposure to the "test and treat" policy in these 2 health facilities. This is an indication of the positive impact of policy change for early ART initiation as evidenced by previous studies [29, 30] .
Policy implications
Our study found that compared to DHT, concurrent implementation of bPITC and tPITC was effective in increasing HIV testing uptake, case detection and ART enrolment among children 6 weeks to 19 years of age. However, compared to DHT, bPITC alone was effective in increasing HIV testing uptake, but did not demonstrate superiority with respect to case detection and ART enrolment. These findings do not support the concurrent implementation of bPITC and tPITC as recommended by WHO from 2010 to date [7, 8, 9] and this for efficiency reasons. Rather, it suggests that in low HIV-prevalence settings such as Cameroon, the concurrent implementation of DHT and tPITC could be prioritized as an effective and efficient intervention for HIV case-finding and linkage of infected infants, children and adolescents to HIV treatment and care. This is in line with the current United States' President's Emergency Plan for AIDS Relief (PEPFAR) Country Operational Plan Technical Guidance for supported countries [31]. PEPFAR's current guidance does not support bPITC but rather recommends targeted HIV testing at OPDs using a screening tool such as the Bandason tool [32] , and reserving universal testing only among high-HIV risk children such as biological children of known PLHIV, children visiting tuberculosis clinics, and those on inpatient medical ward admission [31] . This PEPFAR guidance is applicable to all countries irrespective of HIV prevalence level. However, it may lead to missed opportunities in high HIV-prevalence settings where bPITC yield may be higher. For example, in Zimbabwe, Ferrand et al. reported an increase in HIV case detection from 2.9% to 4.5% among children and adolescents with the implementation of bPITC compared to the prevailing clinical practice (mostly DHT) [12] . Therefore, there is need for further studies to ascertain the outcome of bPITC vs DHT in high HIV prevalence settings. There is also need to assess the outcome of concurrent implementation bPITC and tPITC in these high HIV prevalence countries, especially in Eastern and Southern Africa to inform future guidelines and prioritization of HIV testing strategies for children and adolescents.
Strengths and limitations
The WHO declares that "efforts in the global research agenda on pediatric HIV must be focused on generating targeted evidence that improves HIV programme implementation through a better understanding of what works for infants and children" [33] . Our study is a response to this call, and provides evidence suggesting that in relatively low HIV prevalence settings such as Cameroon, the concurrent implementation of DHT and tPITC could be more efficient compared to the concurrent implementation of bPITC and tPITC for case detection and ART enrolment among children and adolescents.
Our study however has some limitations. We did not assess the effectiveness of bPITC (universal HIV testing) in other potentially high yield HIV case detection entry points such as TB clinics, malnutrition units and inpatient wards. Thus, our conclusions with regards to the outcomes of bPITC are limited to a single-entry point, which is the outpatient department (OPD). This limitation may be addressed by further studies. In the interim, the utility of bPITC (universal testing) in these potentially high yield service delivery points should be continued as per WHO recommendations. We had limited control over the quality of the retrospective data collected in the pre-intervention period. Thus, our results may have been affected by validity threats inherent to retrospective studies [34] . Additionally, because we used a quasi-experimental design (non-randomized pretest and posttest design), the validity of our results may have been affected by confounding variables and other potential biases intrinsic to non-randomized trials [35] and pre-post design studies [36] . However, it is established that the results of high quality non-randomized control trials can approximate those found in randomized control trials [37] and our study design was similar to that of previous PITC effectiveness studies [14, 22, 23] . To increase the validity of our results, we conducted the study in 3 hospitals found in 3 different geographic locations in Cameroon (South-West, North-West and East Regions).
That notwithstanding, our study could have been affected by the seasonality bias resulting from the natural fluctuation in the number of children visiting the hospitals over time. However, our results show that fewer children were seen at the OPDs during the post-intervention period (S1 Table) . Thus, the number of HIV-positive children detected during the intervention could not have been the result of the increase in service utilization usually associated with seasonality bias [38] .
Conclusions and recommendations
Globally, children and adolescents living with HIV are at risk of significant morbidity and mortality if left undiagnosed and untreated. Ironically, WCAR's low HIV-prevalence countries are lagging behind high-HIV prevalence Eastern/southern African countries in ART coverage for children and adolescents. Poor ART coverage for these sub-populations will not appreciably improve without increased case-detection. However, it is clear that differentiated approaches need to be tailored to the context, including HIV prevalence and pre-test likelihood of HIV infection. These tailored approaches are needed not only to increase yield, but also for efficient use of already-limited and scarce resources.
For both effectiveness and efficiency reasons, we recommend continued symptom-based HIV testing combined with scale-up of tPITC approaches for Cameroon and potentially other low HIV prevalence countries such as in West and Central Africa Region. For higher HIV prevalence countries such as in Eastern/southern Africa Region, we recommend further studies to ascertain the comparative effectiveness of DHT vs bPITC as well as the concurrent implementation of bPITC and tPITC. This evidence is needed to guide the tailoring testing and treatment approaches consistent with settings and subpopulations characteristics. Thus, ensuring that the agenda to End AIDs by 2030 will leave no children behind regardless of where they live. 
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